Objective To describe caesarean section rates and neonatal mortality to assess change in access to life-saving interventions in a rural lowresource setting between 2007 and 2013.
Introduction
Caesarean section (CS) is the most widely performed operative intervention globally. Without doubt, CS, when medically justified, can prevent many maternal and perinatal deaths. Trends in CS are globally monitored as an indicator of access to emergency obstetric care 1 and as part of the Ending Preventable Maternal Mortality strategy. 2 Very low population-based rates of CS reflect a lack of access to lifesaving interventions. [3] [4] [5] [6] The optimal CS rate remains controversial, with studies suggesting ranges from 10 to 20% to be beneficial for maternal and neonatal mortality. [7] [8] [9] [10] However, national rates mask over-and under-provision of CS, which often coexist. 8, 9, [11] [12] [13] The overuse of CS is of increasing concern for patient safety.
14 A six-fold higher risk of morbidity and mortality for the mother compared with spontaneous vaginal birth has been described, with even higher risks in subSaharan Africa. 15 Unnecessary CS increases costs for health systems and individuals, and creates barriers to universal health coverage. 16, 17 Disparate rates have prompted the publications of several classification systems to enable improved comparisons and benchmarking. 18, 19 The Robson classification (also called the 10-group classification, Table 1 ) categorises births in mutually exclusive groups based on clearly defined obstetric characteristics and has therefore been recommended by the WHO. 14, 20 Most published studies using the Robson classification, particularly those performed in low-income countries, have been based on data from a single hospital. While this is very helpful to analyse trends within institutions, only population-based data will allow the disaggregation by wealth or place of living, allowing insights into equity of access. Accurate recording of variables such as gestational age or onset of labour as well as availability of exact fetal presentation may be challenging in many lowresource settings. Where suboptimal data and missing information prevent the use of the 10-group classification, a temporary adaptation, such as merging groups, may be a first step.
Inspired by the possibilities of the Robson classification to describe over-and under-provision of CS, the objective of this study was three-fold: to explore the usefulness of adapted risk groups, mirroring the Robson groups as far as possible, in settings where suboptimal data precludes the use of the rigorous Robson classification; to describe trends in CS and neonatal mortality between 2007 and 2013 from population-based household survey data in these adapted groups; and to describe inequalities in access to CS rates in the obstetric risk 
Methods
Tanzania is a low-income country where national CS rates have increased from 2% (1991-1995) to 5% (2005) (2006) (2007) (2008) (2009) (2010) and 6% (2011-2015). 21, 22 High CS rates of above 30% -including in groups with low obstetric risk -are described from large teaching hospitals in Dar-es-Salaam, 23 and in Moshi, Northern Tanzania. 24, 25 In contrast, most rural settings have very low CS rates. 22, 26, 27 We used data collected in 2007 and 2013 in two georeferenced household surveys in Southern Tanzania conducted in the context of two cluster-randomized controlled trials. The first survey, a 2007 census of all 243 612 households in five districts, assessed the impact on survival of a strategy of intermittent preventive treatment for malaria in infants (IPTi). 28 In 2013, we surveyed a representative sample of households in the same districts to assess the impact of a home-based counselling strategy on neonatal survival. 29 There was a two-stage sampling procedure within each ward (an administrative structure between village and district), first sampling sub-villages (typically including 80-100 households) with probability proportional to number of households in the sub-village based on the national 2012 census list and reports from ward executive officers. At the second stage, we included all households for smaller sub-villages and used segmentation for sub-villages with more than 131 households. We sampled 169 324 of the 247 350 households listed in the 2012 national census list. 29 The data were collected in five rural and poor districts of the Lindi and Mtwara regions. The area is served by a dense network of 171 primary health facilities where the median distance to any facility was 2.2 km in 2013. 27 Emergency obstetric care including CS and blood transfusion is available in six hospitals in the study area and a further two hospitals in neighbouring urban centres. Although funding from the African Development Bank was made available from 2007 to upgrade five larger health centres to provide CS services, none of the resulting operating theatres were functioning in 2013. Maternal health care is free in Tanzania, but families are often requested to purchase drugs and supplies because of stock-outs. 30 
Data collection
Methods are described in detail elsewhere. 28, 29 In short, we used a modular questionnaire in Swahili, the national language, adapted from established health surveys. 31 We asked the household head to report on household assets, housing type, and ethnic group. Geo-coordinates were recorded by a mapper. A birth history module for all women of reproductive age (13-49 years) included childbirth outcomes and mode of delivery for live births in the year prior to the survey, including markers of obstetric risk such as multiple births and use of methods to speed up labour. In 2013, the questionnaire also recorded the birth weight, abstracted from the child health card if available. Data collection was done electronically using Personal Digital Assistants (HP iPAQ HX2490 v6.1), and quality assurance included checks of standard ranges, consistency, and completeness at the time of data entry. 32 
Definition of outcomes and other variables
Our main outcome was live birth by CS as reported by mothers. As the wording in Swahili is inexact (literally delivery by operation) and might be misunderstood as episiotomy or an assisted delivery, 14 reported CSs from 2007 where the mother reported having delivered at home or in a primary facility were recoded as missing. In 2013, to increase accuracy, we included a check question asking any mother who reported a CS if her abdomen was truly cut. The application also automatically checked against the place of birth so that no CS was recorded where the mother delivered at home or in a primary facility.
We attempted to categorise the CS according to the Robson classification, 14, 20 adapting the categories based on obstetric risk factors in our data set (Table 1) . To define premature birth in the 2007 data, we used the mother's responses on whether the perceived size of the baby was normal or smaller than normal. In the 2013 data set, we defined prematurity as a recorded birth weight <2500 g or, when this information was missing, the mother's perception of the size of the baby. Parity was available from the birth history information, but as an assessment of stillbirths, was not included; parity was constructed based on live births only. In both surveys, we asked mothers whether anything was done to speed up labour, but we could not formally distinguish whether labour was induced or augmented. We rated any positive answer to this question as a proxy for induction. Information on whether the baby was a singleton or multiple was available from the birth histories. Using this information, we categorised the CSs into six risk groups (Table 1) .
We were not able to classify women to Robson group 5 'multipara with a previous CS', as no information on previous CSs was noted by our questionnaire. Women with a previous scar are rarely if ever induced as practitioners fear uterine rupture. For this reason, we assigned women with a previous CS to group 3 'multipara, no induction or augmentation'. We were also not able to make a separate group for breech presentation (Robson groups 6 and 7) or transverse lie (Robson group 9) as such information was not recorded. This means that groups 1 through 4, which in the original classification would include only cephalic pregnancies, also included transverse lies and breech presentations. In summary, our risk groups compute groups 1 through 4 (including previous CS, breech presentation, and transverse lie), group 8 and group 10.
Neonatal mortality was assessed asking mothers with babies born during the previous year about their survival. 29 For multiple births, mortality was only assessed for the first twin.
We used information on household wealth and distance to the hospitals for the two different time periods. Wealth quintiles were constructed based on 10 household assets, using principal component analysis and separately broken down into five quintiles for each survey. 33 Straight-line distance from household to hospital was calculated using the 'nearstat' command provided in Stata 13.
Statistical analysis
For both surveys separately and for each obstetric group, we estimated (i) the relative size of the population, reflecting the share of the births taking place in this group; (ii) the CS rate; (iii) the absolute contribution to the overall CS rate (i.e. the percentage contributed to the overall CS rate by a group); and (iv) the relative contribution to the total CS rate (i.e. the absolute contribution expressed as a percentage of the overall rate, reflecting the extent that CS in one group contributed to the overall CS rate). 20, 34 We also assessed neonatal mortality in the obstetric risk groups by estimating the proportion of babies who died in the neonatal period.
We used generalised linear models of prevalence ratios (PR) using a binominal distribution and a log link to model risks in wealth and distance groups. These models adjusted for clustering of observations within sub-villages and wards. We further present models adjusted for wealth, distance to hospital, education, occupation, and age.
We imputed the adapted Robson group for 3984 and 13 births from 2007 and 2013, respectively, that were not classified because the mothers felt unable to report on the gestation or the weight of the baby (Figure 1 ). We used multiple imputation with chained equations suitable for the imputed variables. [35] [36] [37] We imputed 20 data sets, and the estimations were combined using Rubin's rules (Table S1) . 36 Data management and analysis used Stata version 13 (Stata, StataCorp, College Station, TX, USA).
Patient involvement
This study uses secondary data analysis, which is why we do not report on patient involvement. The main study included mothers and communities in the development and conduct of the trials. Table 2 ). In 2013, there were important variations in CS rates in relation to wealth (8.3% in the least poor compared with 5.1% in the poorest wealth group) and education (7.0% in women with completed primary or higher education compared with 5.3% in women with no education). Also in 2013, we found lower CS rates with increasing parity (9.0% in primipara and 5.4% in multiparous women), and higher CS rates in multiples compared with singletons (14.6% in multiple pregnancies and 6.4% in singletons). Similar patterns were seen in 2007.
For each of the obstetric groups, Table 3 shows the proportion of women included, the CS rate, the relative and absolute contribution of each group to the overall CS rate as well as neonatal mortality. The majority of women giving birth in these populations were multiparous whose labour was not induced or augmented: 67.1 and 59.1% in 2007 and 2013, respectively. This group was the largest contributor to the overall CS rate in both years (44.5 and 40.7%), with a CS rate of 2.7% in 2007 and 4.4% in 2013.
Changes over time show an increase in the CS rate in all groups except those women who were induced or augmented (Table S2) . We observed an increase in the CS rate of nearly 60% in multiparous women with a singleton pregnancy without induction or augmentation (adjusted PR 1.57, 95% CI 1.34-1.83). There was a statistically significant reduction in neonatal mortality in this group, which was already lower than in the other groups (adjusted PR 0.74, 95% CI 0.60-0.91), while there was no evidence of change in overall neonatal mortality between the two surveys (adjusted PR 0.95, 95% CI 0.84-1.08). The CS rate was 8.1 and 14.6% in multiple pregnancies and 3.5 and 4.4% in small babies in 2007 and 2013, respectively, but mortality rates, which were over 10% in these groups, showed no evidence of improvement despite the increase.
The equity analysis indicated that in all groups except nullipara singleton with no induction or augmentation in 2013, CS rates were highest in the least-poor quintile and those who lived within 10 km of a hospital. In 2007, we observed a 38% lower CS rate in women of the poorest compared with the least-poor quintile in nulliparous women without induction or augmentation of labour (crude PR 0.62, 95% CI 0.43-0.91) ( Figure 1A , Table S3 ). Similarly, we observed a 50% lower CS rate in multiparous women belonging to the poorest compared with the least-poor quintile (crude PR 0.50, 95% CI 0.34-0.71). In 2013, there was no evidence of a difference in CS rate between the poorest and least poor in nulliparous women (crude PR 1.03, 95% CI 0.71-1.46), but multiparous women belonging to the poorest quintile had a 60% lower CS rate compared with the least-poor quintile (crude PR 0.40, 95% CI 0.27-0.60). We also observed large differences in CS rates between women living furthest from (≥25 km) and nearest to (<10 km) a hospital ( Figure 1B , Table S4 ).
Discussion

Main findings
Our analysis of two large representative household surveys in Southern Tanzania using obstetric risk groups indicated that CS rates remained low in all groups despite a roughly 50% increase in the overall CS rate from 4.0% in 2007 to 6.4% in 2013. Increases in CS rates were seen in all groups except in women whose labour was induced or augmented. Nevertheless, wealth and distance-related inequities did not decrease. Over half of the CSs in both years were in multiparous women with singleton, normal-size babies. CS rates in multiple births and small babies were low at 15 and 4%, respectively, in 2013. As expected, neonatal Only five observations could not be imputed. *Cases of breech/transverse lie could not be separated out as factor not assessed. **Women with a previous scar are rarely introduced because obstetric staff fears uterine rupture in this setting, thus we assume that cases of previous scar are found in the group 3.
mortality was highest in multiple pregnancies and small babies, and lowest in multiparous women where labour was neither induced nor augmented. The low CS rate mirrors the massive access challenge in sub-Saharan Africa. 5, 38 In our study area, facility births almost doubled between the two survey periods, from 41 to 79%. 27 In our view, the main reasons for this increase include community awareness of the importance of facility delivery, improved communication, and an increase in the availability of motorised transport. 27, 29 A large increase in CS rates between the two surveys was seen in multipara. As our group 3 included women with a previous CS, we believe that the increase is largely driven by repeated CSs. Trials of labour after a first CS were rarely done in the study area as clinicians fear rupture of the uterus. We therefore interpret the increase as a 'domino' effect: as CS rates rise, more women are in need of a subsequent CS. 39 Although there was a statistically significant increase of CS rates in multiples, rates were very low in both years and likely insufficient to meet the needs: 8% in 2007 and 15% in 2013. Population-based studies from high-income countries report levels of 50% and above. 40, 41 We also report very low CS rates in small babies. CS rates in preterms from high-income countries have been reported at around 30%, although it should be noted that such rates should not be regarded as a benchmark for low resource settings without further considerations. 40, 41 Moreover, we saw no change in mortality in these groups: 14% and 13% of multiples died in 2007 and 2013, respectively. 42 As with other studies from Tanzania, we observed lower CS rates in the poorest women and in those living furthest from a hospital. 3, 5, 22, 43 We observed no changes in the association between CS and wealth and distance between 2007 and 2013, suggesting that geographical and economic inequalities in accesses to CS did not improve.
Strength and limitations
To the best of our knowledge, this is the first study using household survey data to evaluate trends in CS in obstetric risk groups similar to the Robson 10-group classification. The data set is large and representative of a rural population, allowing disaggregation in relation to wealth and distance.
Our categorisation into obstetric risk groups was constrained by the fact that we did not have data on previous CSs or fetal lie and presentation. This precluded a rigorous classification according to the Robson criteria.
Caesarean section in women with a previous CS has been identified as an important driver of overall CSs. 12 In our study, we assume that about one-third to one-half of the CS rate in the group of multipara without induction of labour could have been due to repeat CSs. We believe this limitation does not invalidate the key results but limits the interpretation and comparisons with the Robson group 3.
Similarly, we did not have information on fetal lie and presentation, so we could not compute Robson groups 6, 7, and 9 (breech presentation and transverse or oblique lie). Moreover, we also included in the group of women with induced labour, those whose labour was augmented, again because our questionnaire did not provide detailed information. Women's recall of induction and augmentation of labour is also subject to recall bias. 44 Finally, although many studies use birthweight to approximate gestational age in the absence of precise dating of the pregnancy, 45 this approach does present an imperfect measurement.
Although population-based surveys as used by this study are considered the gold standard to monitor progress in maternal and child health in low-income countries, they have limitations. We consider the women's reports of whether or not they had a CS as relatively reliable, particularly in the 2013 survey as we included check questions. Nevertheless, comparisons between hospital-based and household-based estimations have indicated that CS rates reported in household surveys tend to be higher although within 95% confidence intervals. 46 We also cannot exclude recall bias in regard to other questions as this is an inherent limitation of surveys.
Finally, we had a large number of births in 2007 where the size of the baby was not recorded, and we used the mother's perception of the baby's size as a proxy for birthweight. We cannot exclude reverse causality between size of the baby and neonatal mortality, because mothers whose baby died might have been more likely to report their baby as having been smaller than usual.
Interpretation
While inequitable access to CS has been described in the literature, our study highlights not only wealth and educationrelated inequalities, but also the failure to provide CSs for high-risk women, particularly those with multiple pregnancies. Both the low CS rate and high mortality might be partly the result of inadequate risk screening and referral during antenatal care, as proposed elsewhere. 47, 48 In the context of revisions of antenatal care programmes in response to new WHO guidelines, 49 we believe that stronger attention to risk screening should be considered, which needs to include components to monitor the effect of such a policy change.
Efforts to improve quality of care and access to life-saving interventions should target hard-to-reach women to avoid widening existing geographic and wealth inequalities without increasing unnecessary CSs. 6 Cross-sectional studies such as ours can indicate over-and under-provision of CSs in relation to risk groups, but they do not allow casual inference between the CS and neonatal mortality. 14 Overuse of CS and its effect on safety and efficient use of resources has only recently appeared on the agenda in low-and middle-income countries. 16, 50 Raising staff awareness to CS rates in relation to obstetric risk groups and health determinants is only one strategy towards assuring that only those in need receive a CS. It is also necessary to ensure providers have adequate skills and training to manage both normal vaginal birth and complications as well as to dispense respectful care. 51 Lastly, although we believe that our analysis provides important information for clinical care and public health with the limited number of variables available in this setting, it is not intended to replace or amend the recommended Robson classification. Our categorization should be seen as a temporary tool in the absence of information necessary for the Robson classification.
Conclusion
To our knowledge, this is the first attempt to analyse population-based CS rates in obstetric risk groups in a lowincome country. Our analysis in Tanzania highlights insufficient access to CS -particularly in women with multiple births, and more generally in poor rural womenand relatively homogeneous increases in CS rates in the time between the two surveys.
In settings lacking the data needed for the use of the Robson classification, our construction of obstetric risk groups inspired by the Robson groups may serve as a first step to disentangle 'too many' or 'too few' CSs, moving beyond the well-established equity analysis in countries where many women still deliver at home and populationbased surveys present the only possibility to monitor progress and raise staff awareness of under-and overprovision.
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